The block copolymer of polystyrene-block-polyacrylate-blockpolystyrene (PSt-PAA-PSt) has been synthesized by reversible addition fragmentation chain-transfer (RAFT) polymerization using S,S′-Bis(α,α′-dimethyl-α′′-acetic acid)-trithiocarbonate (BDATC) as chain transfer agent.
Introduction
Synthesis and application of block copolymers have attracted considerable interest in the last decade [1] . A large amount of literature has been focused on the different synthetic methodologies, synthesis of copolymers with new chemical composition, and demonstration of abundant morphologies in bulk or self-assembled conditions [2, 3] . Block copolymers offer potential advantages over conventional low molar mass surfactants and lipids in their remarkable design flexibility for controlling nanostructure and functionality, through molecular weight, composition, architecture, and choice of monomer units [4] . Diverse selectivity and functionality possessed by different types of solvents further enrich this self-assembly toolbox [5] . By combining different polymerization technologies, such as ionic polymerization with nitroxide mediated process [6] , ionic with atom transfer radical polymerization (ATRP) [7] , and ionic with reversible addition-fragmentation chain transfer (RAFT) [8] [9] [10] , copolymers with complex architectures can be easily synthesized now.
Due to their many attractive properties, ionic liquids have received increased attention recently. In comparison to common volatile organic solvents, ionic liquids are appealing for environmental reasons as well as for providing unprecedented salvation tenability. Negligibly small vapor pressure, fire resistance, excellent chemical and thermal stability, wide liquid temperature ranges, and wide electrochemical windows are examples of the useful properties typical of ionic liquids [11] .Ionic liquids have been considered for use in organic synthesis [12, 13] , chemical separation [14, 15] , hazardous chemical storage and transportation [16] , and polymer gel electrolytes [17, 18] , and their applications continue to expand. However, even with a growing number of ionic liquids becoming commercially available, most ionic liquids are currently too expensive for industrial-scale applications. Toxicity and environmental compatibility studies of ionic liquids are rare, which does raise some concerns about their environmental benefits.
However, there has been relatively little attention paid to ionic liquids as salvation media for polymers systems. Recently there has been some reports on the self-assembly of PB-PEO block copolymers in ionic liquids [19, 20] , and some low molar mass surfactants micellization in ionic liquids [21, 22] . It is the purpose of this work to report the study of block copolymer self-assembled in an ionic liquid, and further to demonstrate direct visualization of the various self-assembled nanostructures by transmission electron microscopy (TEM). The self-assembly process of block copolymers in selective solvents leads to the formation of a variety of micellar morphologies, including spheres [23, 24] , cylinder [25] , worms [23, 26] , lamellae [27] , vesicles [28, 29] , depending on factor such as the solvents selectivity, the presence of additives, the composition of the block copolymers, the preparation method of the samples, and external stimuli such as temperature, PH, and ionic strength [30] .
Herein, a novel synthetic strategy for the amphiphilic multiblock copolymer polystyrene-block-polyacrylate-block-polystyrene (PSt-PAA-PSt) is presented by using trithiocarbonate-embedded PSt as macro-RAFT agent. In the present paper, we investigated the self-assembly of three PSt-PAA-PSt in 1-butyl-3-methylimidazolium hexafluorophosphate ( 
Results and Discussion

Preparation and characterization of trithiocarbonate-embedded PSt macro-RAFT agent
In this paper, S,S′-bis(α,α′-dimethyl-α′′-acetic acid)-trithiocarbonate (BDATC) was chosen as chain transfer agent (CTA) because of its convenient preparation and high yield, the dual-carboxyl compound could be easily reacted with polystyrene. Furthermore, BDATC is a very efficient CTA due to the carboxyl-stabilized tertiary carbon radicals during the polymerization [31] . The multiblock macro-RAFT agent with embedded BDATC is synthesized via the bulk polymerization at 140 0 C, and corresponding procedure is described in Scheme 1. Controlled radical polymerization of St with BDATC has been carried out by RAFT with formation of polymers with a narrow molecular weight distribution and a predictable molecular weight at high conversion. H NMR spectrum of the PSt-PAA-PSt, besides the characteristic chemical shifts of phenyl protons at 6.32-7.22 ppm, methylene and methine protons at 1.33-2.12 ppm for PS block, the signal of methyl groups of BDATC is shifted from 1.66 to 1.25 ppm because of the change of original carbon-sulfur bond to carbon-carbon bond of the tertiary carbon in copolymer chains. Moreover, there is a new small peak at 10.48 ppm (c'), which is attributed to the active hydrogen proton in AA unit. Through comparison of A with B, it was found that the trithiocarbonate participated in the RAFT polymerization of AA to give the final multiblock copolymers.
Preparation and characterization of multiblock copolymer PSt-PAA-PSt
In common RAFT polymerization used BDATC as RAFT agent, the tertiary carbon radical formed by cleavage of carbon-sulfur single bond shows the high chain-transfer efficiency due to the carbonyl stabilization, the addition of an amount of less than 3 mol % AIBN equivalent of BDATC can give a high end-functionalities [31] . All these observations give consistency to a controlled RAFT process and confirm that BDATC is quite an appropriate chain-transfer agent for the controlled polymerization of AA.
The GPC traces of the CTA-b-PSt and the corresponding block polymer PSt-PAA-PSt are shown in Figure 2 . Different PAA composition was achieved by keeping a constant block length for PSt while changing the PAA block length. The results are shown in Table 1 . It is very clear to see that the peak of GPC curve move to the high molecular weight after the second monomer was added, these experimental results demonstrate that the block copolymer of PSt-PAA-PSt has been actually obtained by way of RAFT polymerization. 
Fig. 3. TEM images of 1 wt% S1 in [bmim][PF6].
A further notable feature of Figure 3 is that the image contrast is reversed with respect to electron micrograph images in an aqueous medium, the effect was reported for PSt-b-PAA copolymer micelles , the dark sphere corresponds to the core, and the diameter of the micelles was found to be around 45 nm [32] . Further decreasing the PAA block length leads to the formation of vesicles and rectangle micelles. Figure 4A , B for S2 and S3, where there is a coexistence of spherical micells and vesicles. Most of the spherical micelles diameter are less than 100 nm. S3 has the smallest PAA block length of the three PSt-PAA-PSt copolymers. Its self-assembled structure is dominated by vesicles (Figure 4) . Clearly, the vesicles micelles in Figure 4 (A) are different from in Figure 3 . Figure 4 (B) also discloses diverse vesicle morphologies, including some vesicle clusters and encapsulated vesicles.
This is illustrated in
As a brief summary, by varying the PAA composition, the "universal" sequences of multiblock copolymer micellar structures (spherical micells, and vesicles micelles) were all resolved in 1 wt % [BMIM] [PF 6 ] solutions. Decreasing content of PAA block causes transitions from spheres to vesicles, in the order of decreasing core-corona interfacial curvature. The 1 wt % solutions of S1 (spheres), S2 (spheres micelles and vesicles), and S3 (vesicles micelles) appear bluish clear, slight cloudy, and cloudy, respectively.
Qualitatively, the structural change with the variation of copolymer composition resembles those previously documented in water [32] and organic solvents [33] .As the PS block length is fixed for the three PSt-PAA-PSt copolymers, the interfacial curvature increases with increasing PAA of content to accommodate the relatively longer solvent-compatible PAA blocks in the corona domain. Eisenberg and his coworkers have investigated the micellar polymorphism of PSt-b-PAA copolymers in water and the kinetic properties associated with the self-assembly process [33] . 6 ] are incompatible, two layers were observed, with water being the upper layer. After being stirred at room temperature for a few minutes, the lower layer changed from cloudy to clear, while the upper layer became cloudy. This indicates that PAA chains have stronger affinity to water than to [BMIM] [PF6] at room temperature, which is partly due to the formation of hydrogen bonds in water and is consistent with a recent study which showed that water is more polar than [BMIM] [PF6] [34] . At temperatures above 80 0 C and following gentle stirring, the micelles then moved back from water to [BMIM] [PF6], and the lower layer became cloudy again. This is consistent with the known micellization behavior of PAA in water [33] .
Experimental
Materials
S,S′-Bis(α,α′-dimethyl-α′′-acetic acid)-trithiocarbonate (BDATC) was synthesized according to Literature [31] . Styrene (Tianjin Chemical Reagent First Factory, AR) was distilled in high vacuum and stored in a brown glass bottle under 5 0C. Acrylic acid (AA) was purified by distillation under reduced pressure. [BMIM] [PF6] (purchased from ACROS ORGANICS) was dried in a vacuum oven at 70 0C for 2 days, and extra care was taken to minimize air exposure during solution preparation and experimental measurements. Dimethylformamide (DMF), azo-bis-isobutyronitrile (AIBN) were used as received, and all other chemicals were used directly without further purification.
Synthesis of embedded polystyrene macro-RAFT agent (CTA-b-PS)n
Polystyrene macro-RAFT agents, with trithiocarbonate end group, is synthesized by mixing 38 g of destabilized styrene with 1.0 g of RAFT agent BTTC respectively, and degassed with nitrogen for 1 h before polymerizing at 140 0 C for 48 h while stirring. After polymerization, the mixtures were quenched and were stirred to complete the dissolution of the polymer before added of 20 ml THF. The light brown solution was concentrated and precipitated into a solution of methanol. The resulting white power was dried under high vacuum at 40 0 C for about 24 h before use.
Synthesis of multiblock copolymer PSt-PAA-PSt
A mixture of 1 g of trithiocarbonate-capped PS(M n (GPC)= 8320 and M w /M n =1.05), 4mg of azo-bis-isobutyronitrile (2.5×10 -5 mol), the predetermined amount of AA and 16 mL of DMF were added successively into a glass tube , then the system was degassed by three freeze-pump-thaw cycles and heated in an oil bath at 80 °C for 24 h. The copolymer was precipitated into petroleum ether and dried in vacuo up to constant weight.
Preparation of Micelles in ionic liquid
For each of the three PSt-PAA-PSt copolymers, 1 wt% solutions were prepared by mixing weighed amount of copolymers and IL and stirring at 80°C until complete dissolution. Since it took 2 days for S1 to be directly dissolved in ionic liquid, and additional solution was prepared with the aid of methylene chloride (CH 2 Cl 2 ) as a co-solvent. The co-solvent was removed first by blowing nitrogen gas at room temperature for 12 h, and then placing in a vacuum over at 70 °C until a constant weight was achieved.
Characterization
Gas permeation chromatography (GPC) measurements were performed at room temperature in THF using WYATT at a flow rate of 1.0 mL/min. Nuclear magnetic resonance (NMR) measurements were performed using the AVANCE400M NMR spectrometer (Bruker, Germany).
A small droplet of each solution was placed on a carbon-coated, lacey film-supported, microperforated TEM copper grid. After heating in a 60 0 C chamber for 5 minutes, excess solution was blotted with a piece of filter paper. Careful blotting produced thin liquid films freely spanning the micropores of the TEM grids. The sample grids were then quickly plunged into liquid nitrogen and kept there before imaging. The TEM samples were examined on a JEM-100CX transmission election microscopy (JEOL, Japan).
